INTRODUCTION
Night shift work has been suggested as risk factor for several cancer sites, [1] [2] [3] [4] and in 2007, the International Agency for Research on Cancer (IARC) classified shift work involving circadian disruption as a probable carcinogen 5 6 on the basis of 'sufficient evidence' in experimental models and 'limited evidence' in humans. Most epidemiologic studies have focused on relationships with breast cancer, where results from meta-analyses demonstrate a 40-50% increase in breast cancer risk associated with long-term (at least 20-30 years) night shift work. 2 3 While the biological mechanism linking night shift work with cancer risk remains unknown, the main hypothesised pathway involves melatonin. 7 8 Melatonin, a pineal hormone that is inhibited by light and considered a biomarker of chronodisruption, has also been suggested to have several cancer-protective properties. 9 While increased light exposure during night shifts is thought to decrease production of melatonin, thereby increasing cancer risk, other mechanisms are also possible. 6 Some studies have reported a modest statistically significant increase in risk of some cancer sites among long-term night shift workers, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] but others have not. [20] [21] [22] [23] Definitions of night shift work have been varied, and improved exposure assessment has been recommended by a 2009 IARC Working Group. 24 Studies using job-exposure matrix-based methods to assess night shift work 11 14 21 23 may be prone to exposure classification errors, as some individuals within night shift work job-classification groups may not have actually been exposed, even if the majority of individuals in their profession are engaged in night shift work. 24 Other studies that have used questions at the individual level have the advantage of exposure information specific to individual participants, 12 13 15-20 22 but may be limited by misclassification if the night shift work that has been performed does not meet the exact definition provided in the question. 24 Several studies with individual-level measures of night shift work have been limited to nurses [12] [13] [14] [15] [16] and it is not clear if associations between night shift work and breast cancer consistently extend beyond this occupational group.
Consideration of breast tumour oestrogen/progesterone receptor (ER)/(PR) status in relationships with night shift work has been rare. 12 20 This may be important since differences in aetiology have been suggested for hormone receptor positive and negative tumours, since the effects of several breast cancer risk factors, such as parity and age at first birth vary between tumour groups. [25] [26] [27] Further, melatonin may influence risk through an increase in oestrogen production, 28 such that a stronger [12] [13] [14] Among premenopausal women, categories were: none, >0-9, 10-19 and ≥20 years. 13 As well, duration of night shift work was split into eight categories of 5-year increments to further investigate the impact of the broader categorisations used in the main analysis.
To further describe the types of jobs performed, the selfreported industry for the job that each individual held for the longest period of time was classified according to the Statistics Canada National Occupational Classification 2006 29 into one of 10 categories. For women with a history of night shift work, the job they had held for the longest period of time that met the criteria for a 'night shift' job was classified.
Breast tumour biomarker assessment
Pathologic data concerning tumour ER and PR biomarker status was collected for all breast cancer cases. In Vancouver, this information was obtained from the BC Cancer Registry and BC Breast Cancer Outcomes Unit and in Kingston was obtained directly from electronic patient charts. ER status was determined from immunohistochemistry (IHC) results and classified into one of six categories: negative, weakly positive, moderately positive, strongly positive, receptors tested but not sufficient quantity for interpretation or borderline/equivocal and not tested. Tumours were considered ER positive if they were classified as weakly, moderately or strongly positive. PR status was also determined through IHC testing using the same categorisations as the ER analysis.
Assessment of menopausal status
The relationship between night shift work and breast cancer risk was also examined stratified by menopausal status. Women were classified as postmenopausal if they: stated menstruation had stopped for greater than 1 year; menstruation stopped naturally and they were over 50 years of age if time since last menstruation was missing; had a bilateral oophrectomy; or they were over age 55 years and menstruation stopped due to chemotherapy or other reasons, similar to Friedenreich et al. 30 A total of 836 women were premenopausal and 1471 were postmenopausal.
Statistical analysis
Multivariable unconditional logistic regression was used to calculate ORs and 95% CIs for the relationship between night shift work and breast cancer risk. Age (continuous) and centre (Vancouver/Kingston) were included in all models, and all other variables were selected using an all-possible-models manual backwards selection procedure, 31 where potential confounders associated with breast cancer at p<0.25 were initially included in the modelling process, and only variables that changed the OR by >10% were retained in the final model. Potential confounders were ethnicity; household income; education; menopausal status; use of fertility drugs, oral contraceptives, non-steroidal antiinflammatory drugs (NSAIDs), antidepressants and hormone replacement therapy (HRT); reproductive factors including ever having been pregnant, number of pregnancies, age at first birth, breastfeeding and age at first mammogram; family history of breast cancer among first-degree relatives; lifestyle factors, including smoking status, pack-years smoking and lifetime alcohol consumption; and body mass index (BMI). Tests for trends across night shift work categories were calculated by treating levels of exposure as a continuous ordinal variable, and possible interactions by menopausal status were assessed by including a night shift work/menopausal status interaction term. Multivariable polytomous logistic regression was used to evaluate the breast cancer risk associated with night shift work history by hormone receptor status in one of two categories, as either ER and/or PR positive, or negative. Cases where both ER and PR status were either not tested or missing were excluded (n=129). Among excluded cases, 90 (70%) were cases of ductal carcinoma in situ, in which testing of ER and PR tumour status is not routine. A total of 76 (84%) in situ cases were explicitly classified as not tested, compared with seven (21%) of invasive cases.
Since controls in Vancouver were obtained from a screening population, while cases came from the population-based BC Cancer Registry, a sensitivity analysis was performed excluding cases that did not participate in screening. Cases from Vancouver were linked to the Screening Mammography Program of BC using provincial personal health numbers, and those that had not been seen in the screening program were excluded (n=255). As well, an analysis stratified by ethnicity (European versus Asian) was also conducted to further examine the influence of ethnicity on observed results. Finally, as BMI was a confounder in both models when the analysis was stratified by menopausal status, an analysis including BMI, menopausal status and a BMI×menopausal status interaction term was conducted to investigate whether these variables would confound night shift work/breast cancer relationships when this potential joint effect was included.
RESULTS
Characteristics of cases and controls are described in table 1. The case group included a smaller proportion of Europeans and a greater proportion of Asians than the control group. Further, cases had lower levels of household income and education, were less likely to have used NSAIDs and oral contraceptives, were more likely to have ever been pregnant, had an older average age of first mammogram, were more likely to have a family history of breast cancer among first-degree relatives, and had lower levels of lifetime alcohol consumption compared with controls. These variables were considered as potential confounders in multivariate models.
Approximately one-third of both cases and controls (table 2) had a history of night shift work. Proportions of cases and controls were similar in the 0-14 (minimum=3 months) and 15-29 years of night shift work categories, while the proportion of cases in the ≥30 (maximum=47) years night shift work category was higher than in the control group. These patterns were maintained in multivariate analysis (table 2) where no association between night shift work and breast cancer risk was observed for either the 0-14 and 15-29-year categories, while an association with ≥30 years night shift work was observed. However, no statistically significant trend across categories of night shift work was noted. Ethnicity, household income, education, menopausal status, NSAID and oral contraceptive use, family history, age at first mammogram, ever having been pregnant, breastfeeding, lifetime history of alcohol consumption and BMI were considered as potential confounders, although none changed estimated ORs by >10% and, thus, were not retained in the final multivariate model. Among postmenopausal women, results were similar to the overall analysis, with the largest estimated OR seen in the ≥30 years night shift work category, although the OR is smaller than that seen in the overall analysis, and the CI did include 1.0 (table 2). As well, night shift work did appear protective in the 0-14 years category in postmenopausal women and among premenopausal women, no relationship between any night shift work category and breast cancer was observed.
Results from sensitivity analysis excluding non-screened cases were similar to those from the full study population where no association was observed for either the 0-14 (OR=0.94, 95% CI 0.77 to 1.16) or 15-29 years (OR=0.97, 95% CI 0.68 to 1.38) night shift work categories and a positive association was seen in the ≥30 years night shift work category (OR=2.23, 95% CI 1.12 to 4.45). As well, results from stratified analysis of Europeans and Asians were similar to both each other and the main analysis, with highest ORs seen for the ≥30 years category (see online supplementary table S1). Similar patterns to the main analysis were also seen when in situ breast cancer cases were excluded, with a positive association observed in the ≥30 years night shift work category (see online supplementary table S1). Finally, when BMI, menopausal status and a BMI×menopausal status interaction term were included in the overall model results were similar to the original overall analysis (see online supplementary table S1).
When the influence of the proportion of evening and late night shifts required for a job to be considered 'night shift work' was examined, no association for either short-term (0-14 years) or medium-term (15-29 years) night shift work was observed, while the OR between night shift work and breast cancer in the long-term night shift work (≥30 years) category generally increased as the cut-point increased (table 3) . However, due to small numbers in the most extreme category, precision declined substantially for estimates of long-term night shift work for thresholds over 50%. When duration of exposure to night shift work was split into eight categories of 5-year increments, as in the main analysis, no association between any duration of night shift work under 30 years and breast cancer was observed (table 3) . When night shift work exposure was characterised using shift start and end times, the OR remained highest in the ≥30 years category, although the CI did include 1.0. ORs for other night shift work categories were elevated compared with the main analysis, where the CI for the 0-14 years category no longer included 1.0 (table 3) . However, data on shift start/stop times was missing for 145 (6.3%) participants.
When examining the influence of tumour ER/PR biomarker status on the relationship between night shift work history and The industry of the job held for the longest period of time was classified into one of 10 categories for women in each of the four night shift work history groups (table 5) to classify the types of jobs held by women who did and did not engage in night shift work. This demonstrated that the largest proportion were employed in health occupations such as nursing in both the ≥30 years (44%) and 15-29 years (41%) night shift work groups, while the proportions in this industry in the 0-14 years (19%) and never night shift worker (10%) groups were lower. Finally, to investigate the influence of job type, associations between night shift work and breast cancer were investigated for women employed in health occupations only. Similar patterns were observed for both health and non-health occupations, where, as in the main analysis, no association was observed for the 0-14 years and 15-29 years night shift work categories, while increased breast cancer risk was observed among women working ≥30 years of night shift work (table 2) .
DISCUSSION
The study demonstrated an increased breast cancer risk among women employed in night shift work for ≥30 years across several occupations, with no association seen for shorter durations and no interaction with hormone receptor status apparent. Similar to other case-control studies conducted in the general population, 10 20 22 the majority of both cases and controls in this study had not participated in any type of night shift work, and only a small proportion had been engaged in night shift work for 30 years or more.
One study strength was its use of a lifetime occupational history for participants to record the proportion of day, evening and night shifts for each job, allowing jobs with both rotating and permanent night shift patterns to be captured in a single definition of night shift work. This is an improvement over some previous nested case-control studies in which questions regarding night shift work have focused on one specific pattern, 12 13 although since long-term night shift work was a rare exposure in this study, it was not possible to stratify analysis between rotating and permanent night shift patterns. One recent nested case-control study found increased risk of breast cancer among nurses who worked at least 5 years in shift patterns that involved a minimum of six or seven consecutive night shifts. 15 A limitation of the current study was the absence of information concerning the number of consecutive night shifts in each job, such that a similar analysis could not be performed.
Overall, this study observed few pronounced differences in the association of night shift work with breast cancer risk when stratified by menopausal status, although the OR for those in the ≥30 years night shift work category was smaller than in the overall analysis, and no significant relationships between night shift work and breast cancer were observed among premenopausal women. These results are fairly similar to previous work, [12] [13] [14] where results for postmenopausal women from a case-control study nested in a Norwegian nursing cohort have suggested an increased risk among those working ≥30 years night shift work and a protective relationship among short-term night shift workers, while among premenopausal women from the same cohort, an elevated OR for long-term night shift workers was suggested. 14 As well, the Nurses' Health Study, also in nested case-control analysis, has reported increased breast cancer risk for postmenopausal women working ≥30 years rotating night shift work, 12 and for premenopausal women following ≥20 years rotating night shift work. 13 Similar to our results, two previous case-control studies saw no differences in the effect of night shift work when considering the effect of tumour ER status alone. 12 20 Melatonin, a proposed intermediate between night shift work and breast cancer, 8 could influence cancer risk through an impact on oestrogen production, 28 such that a stronger relationship for ER/PR+ tumours might be expected. While the estimated OR in this study for ER/PR+ tumours was indeed larger for women with a history of 30 or more years of night shift work, the small number of ER/PR cases in this category means we were likely underpowered to detect interactions, such that it is impossible to conclude that this apparent difference represents a true biologic effect.
When classifying night shift work as a 'probable carcinogen' and categorising the evidence from human studies as 'limited', the IARC Working Group noted that a number of existing studies in humans were limited to nurses. 5 While our study was not limited to nurses, the largest proportion of night shift workers from both the ≥30 years and 15-29 years night shift work groups were in health occupations. However, it is important to note that relationships between night shift work duration and breast cancer risk were similar to those of the main analysis for those employed in both health and non-health occupations. Other studies, like ours, have not considered occupational exposures that could confound the association between night shift work and breast cancer.
The recruitment of cases in Vancouver from the populationbased BC Cancer Registry and controls from screening clinics may have introduced selection bias, as some cases may not have participated in screening and, thus, been ineligible to be included as controls. However, a sensitivity analysis excluding all cases from Vancouver who were unlikely to have participated in screening produced similar results to the overall analysis, suggesting the influence of any potential selection bias on study results would be small. Although there were differences in the characteristics of cases and controls, for instance in ethnicity, education and so on, none of these factors were identified as confounders of the night shift work/breast cancer association. Further, modest response rates in both Vancouver and Kingston also create the possibility of response bias in this study. However, in order to bias results, study participation would need to be related to both night shift work and breast cancer risk, and this is unlikely given the manner in which night shift work was assessed. Finally, since study participants were asked to report their occupational history retrospectively, there is the potential for recall bias if the accuracy with which information concerning night shift work exposure was reported were different in the case and control groups. However, given that many exposures in addition to night shift work were assessed in this study, and that at the time of data collection night shift work was not widely recognised as a breast cancer risk factor, it is unlikely that the ability to accurately recall past work schedules would be related to case/control status. While light at night and melatonin have been proposed as one pathway through which night shift work may influence breast cancer, and data from prospective studies has generally supported a protective effect of melatonin on breast cancer, [32] [33] [34] [35] [36] biomarker studies of night work and melatonin are less consistent. [37] [38] [39] [40] A role for other potential mechanisms has been suggested, such as sleep disturbances, clock gene dysregulation or lifestyle differences, 7 and these should be considered in future work. As well, chronotype may play a role in night shift work/ cancer relationships 41 42 but, unfortunately, chronotype was not included in this study questionnaire.
In summary, an association between ≥30 years of night shift work in diverse occupations and breast cancer is supported here, consistent with other studies among nurses. 12-14 16 As shift work is necessary for many occupations, understanding of which specific shift patterns increase breast cancer risk, and how night shift work influences the pathway to breast cancer is needed for the development of healthy workplace policy.
